Polyclonal and monoclonal antibodies were used to study the immunogenic and antigenic characteristics of chlamydiae. We focused on the most predominant proteins in the outer membrane complex, the major outer membrane protein (MOMP) and the doublet consisting of proteins of 57 and 62 kilodaltons (57-62 kDa doublet). Immunoblot analyses were performed with chlamydial elementary bodies by using (i) immune sera from sheep which had undergone a recent episode of abortion due to the ovine abortion (OA) strain of C. psittaci, (ii) rabbit hyperimmune anti-C. psittaci (OA) and -C. trachomatis sera, and (iii) monoclonal antibodies to the MOMP of C. trachomatis. The typical pattern of response with polyclonal antisera against heterologous elementary bodies was reactivity with the 57-62 kDa doublet and lipopolysaccharide with weak and sometimes no anti-MOMP activity. Three distinct genus-specific anti-C. trachomatis MOMP monoclonal antibodies showed different patterns of reactivity with the MOMPs of the two immunotypes of C. psittaci and C. trachomatis serovars. Our data confirm the predominance of a genus-specific 57-62 kDa doublet response despite the presence of genus-specific epitopes on the MOMP.
Chlamydiae are procaryotic obligate intracellular parasites of eucaryotic cells (8, 27, 36) for which extracellular replication has not been demonstrated. They are characterized by a unique developmental cycle which serves as the basis for the current taxonomic classification. Infection is initiated by adhesion to a susceptible cell and a chlamydia-specified phagocytosis (12, 46) of at least one infectious elementary body (EB). In this phagosome, the EB (200 to 300 nm) undergoes differentiation into a larger metabolically active form, the reticulate body (800 to 1,000 nm), that divides by binary fission. The cycle is completed by the reorganization of reticulate bodies into EBs with release of the latter from the infected host cell into the surrounding environment, where more susceptible cells may be infected. The inner and outer double-membrane system, a characteristic feature of gram-negative bacteria, surrounds chlamydial cells at all stages of development. The chlamydial cell envelope, however, appears to lack a peptidoglycan layer in the periplasm (5, 14) . The ability of this organism to enter various types of cells, evade certain host cell responses, and participate in the pathogenic and immunopathological aspects of diseases has been attributed to the mosaic of macromolecules which constitute the cell envelope. For this reason, most recent studies on chlamydiae have been directed to this structure. The major outer membrane protein (MOMP) (38 to 40 kilodaltons [kDa]) (22, 35 ) is a cysteine-rich macromolecule which forms disulfide-linked complexes in the outer membrane (21, 29) . The structural and functional roles of this protein have been described (7, 20) . Two other extraordinarily cysteine-rich structural proteins having apparent molecular masses (MMs) of 57 to 62 kDa (the 57-62 kDa doublet) and 12 kDa are also present (6) . Human (38) . Ewes which have experienced chlamydial abortion acquire a protective immunity and subsequently maintain viable pregnancies (1). It is important that this ruminant pathogen has also been implicated as a cause of human abortions (9, 41) .
Ruminant abortion and polyarthritis strains, classified as immunotypes 1 and 2, respectively (32) , and representative C. trachomatis serovars were used in this study with the objective of identifying any genus-or species-specific epitopes on the outer membrane complexes (OMC) of these organisms.
C Proteins of Chlamydia spp. were electrophoretically resolved on 12.5% acrylamide slab gels as described previously (14, 24) , with a 0.75-mm gel thickness. Gels were stained with Coomassie brilliant blue and/or silver stain (Bio-Rad Laboratories, Richmond, Calif.) (results not shown). The MM of the MOMP of the three ruminant OA isolates was approximately 37 kDa, which was lower than that of the MOMP of C. trachomatis serovars. Isolation of the OMC was performed by using a modification of a procedure previously described (14) . Briefly, 1 mg of C. psittaci (2 ml) was suspended in 19 ml of 50 mM Tris hydrochloride buffer (pH 8.0) containing 10 mM disodium EDTA and 0.15 M NaCl. Disodium N-lauroylsarcosine (Sarkosyl; Sigma Chemical Co., St. Louis, Mo.) was added to a final concentration of 2%. The mixture was vortexed and incubated at 65°C for 1 h. The Sarkosyl-insoluble fraction containing the chlamydial OMC was pelleted by centrifugation at 80,000 x g for 1 h at 4°C. The pellet was washed with the suspension buffer and suspended in 2 ml of buffer. The Sarkosyl-insoluble outer membrane preparation contained the MOMP, the 57-62 kDa doublet, and a 75-kDa protein ( Fig. 1) .
A Transblot apparatus (Bio-Rad Laboratories, Richmond, Calif.) was used for immunoblots (42) . Typically, transfer was achieved at 100 mA for 16 to the Sarkosyl-insoluble OMC preparation of C. psittaci was probed. This may reflect antigenic modification due to the extraction procedure.
To further investigate this observation obtained with naturally infected sheep, the resolved polypeptides of C. trachomatis were probed with rabbit anti-C. psittaci OA sera. Polyclonal rabbit antisera against C. psittaci OA EBs were produced by the immunization of female New Zealand White rabbits with 500 p.g of purified EBs mixed with Freund complete adjuvant. Animals were immunized by intramuscular injections in both hind legs and subcutaneously at random sites weekly for the first 3 weeks and then every 10 days for a period of 60 days. The reactivity pattern was again very similar to that obtained in the previous experiments. Intense bands of the 57-62 kDa doublet were revealed with all the C. trachomatis serovars tested, but for the C. psittaci strains only one band of the doublet was evident (results not shown). There was no demonstrable anti-MOMP response for the C. psittaci resolved denatured EBs and only a weak response to the MOMP of C. trachomatis. The common immunodominant aspects of chlamydiae were further verified when serum from a rabbit immunized with 50 ,ug of C. trachomatis serovars A, C, D, H, K, and L2 recognized the major polypeptides of representative serovars of denatured EBs of that species but reacted primarily with one of the polypeptides in the 57-62 kDa doublet and with the LPS of C. psittaci OA and IPA isolates (Fig. 3) .
We also examined the immunoblot reactivity of murine anti-C. trachomatis antibodies against the resolved polypeptides of C. psittaci OA and IPA EBs. Polyclonal murine C. trachomatis antisera against whole EBs were produced by immunizing BALB/c mice intraperitoneally every 2 weeks with 100 jig of EBs from serovars A, D, and H of C.
trachomatis. Reactions with both the MOMP and 57-62 kDa doublet of C. psittaci abortion isolates were obtained. In contrast to the immunoblots performed with the rabbit and sheep sera, the 57-62 kDa doublet recognized by the mouse serum was resolved in a very diffused band (results not shown).
In most cases, the anti-LPS activity was evident. This was Two of the MAbs (597 and 102) which reacted with C. trachomatis MOMP by immunoblot analysis also reacted with the MOMP of C. psittaci isolates, suggesting recognition of genus-specific epitopes on the MOMP of C. psittaci. MAb 271, however, reacted in a species-specific fashion and only recognized C. trachomatis serovars. Figure 4 shows the pattern obtained with MAb 102. In order to determine whether the MAbs used in the immunoblot analyses recognized immunoaccessible epitopes of MOMP, indirect enzyme-linked immunosorbent assays (ELISAs) were performed (Table 1) . Polystyrene microtiter well strips (Nunc, Roskilde, Denmark) were coated with 5 ,ug of purified EBs of C. trachomatis and C. psittaci per ml in 0.05 M sodium carbonate buffer, pH 9.6. Monoclonal anti-MOMP IgG antibodies purified on Protein A (Pharmacia Fine Chemicals, Piscataway, N.J.) were serially diluted from 100 p.g/ml to 1 p.g/ml with phosphate-buffered saline-0.05% Tween 20 containing 0.25% bovine serum albumin. The assay was done as previously described (45) . MAb 597 consistently generated the highest absorbance values at each concentration of antibody. These results were thus chosen as reference absorbance values, and all other readings were expressed as a percentage of the mean of these values. MAb 597, which was immunoblot positive for both species, recognized all C. trachomatis serovars and the two immunotypes of C. psittaci in the indirect ELISA. MAb 271, which was only reactive with C. trachomatis MOMP by immunoblot analysis, recognized the intact EBs of C. psittaci OA and C. psittaci IPA in the indirect ELISA procedure. MAb 102, which, like MAb 597, reacted strongly with the MOMP of both species in the immunoblot, failed to recognize intact EBs of any of the C. trachomatis serovars or of the two C. psittaci immunotypes even when used at 10Ox the working dilution. Table 1 summarizes the combined results obtained by the indirect ELISA procedure and immunoblot analyses.
Previous studies for C. psittaci immunological heterogeneity by the plaque reduction technique (33, 34) and immunofluorescence (2, 16, 32, 39) did not define the components on the outer membrane responsible for the differences observed. Furthermore, few attempts to compare the antigenic structure of this species with that of C. trachomatis have been made. Our experiments have revealed antigenic homology among C. trachomatis and C. psittaci ruminant isolates. The characteristic feature of the immune response in sheep was the reactivity with the 57-62 kDa doublet in the heterologous C. trachomatis EBs. Evidence for the genus-specific immunodominant nature of this doublet was also reflected in the immunoblots using polyclonal rabbit and murine antisera Murine polyclonal antibodies to C. trachomatis were more reactive with the abortion isolates of C. psittaci than with the IPA strain, reflecting a closer relationship of C. psittaci immunotype 1 to C. trachomatis or the antigenic modification of the outer membrane of C. psittaci IPA under these experimental conditions. The three different MAbs to C. trachomatis MOMP which also reacted with the two C. psittaci immunotypes targeted genus-specific epitopes on the MOMP of these isolates, and qualitative and quantitative differences were noted in the reactivities of these antibodies. The fact that MAb 271 failed to recognize the MOMP of C. psittaci in immunoblots but reacted with both immunotypes in the ELISA suggests that the chlamydial antigenic epitope on C. psittaci recognized by this MAb is conformational and was destroyed in SDS-PAGE. MAb 102 probably recognizes a membrane-embedded genus-specific epitope of chlamydia MOMP, since it reacted very strongly in immunoblots but failed to react in ELISA with any of the C. trachomatis serovars or C. psittaci immunotypes. It is also possible that the interaction of intact EBs with polystyrene resulted in the modification of the epitope recognized by the MAb 102. Immunological typing of C. psittaci with MAbs reactive with exposed structures of this species (3, 18) and with MAbs which recognize LPS and MOMPs of various C. psittaci isolates (17) has been attempted, although a role for these outer membrane components in pathogenesis has yet to be investigated for C. psittaci. The significance of the MOMP of C. trachomatis has been already deduced from neutralization studies with polyclonal anti-MOMP (15) and monoclonal anti-MOMP (25, 31, 47) antibodies. The anti-LPS activity noted in immune sheep, rabbit, and mouse polyclonal sera represents the recognition of genus-specific epitopes previously described for chlamydiae (13, 30) .
Although in the study of human infections etiological inferences are best drawn from subhuman primates (40) (19, 44) , and a correlation between serotype and pathogenic spectrum was established (35) . In 
